bstract: Graft-versus-host disease (GVHD) is a significant cause of morbidity and mortality following allogenic haematopoietic stem-cell transplantation and thus the focus of much ongoing research. Despite considerable advances in our understanding of the pathophysiology, diagnosis and predisposing factors for both acute and chronic forms of the disease, a standardised therapeutic strategy is still lacking. There is good evidence for initial treatment of both acute and chronic forms of the disease with corticosteroid therapy. However, the most effective approach to steroid-refractory disease remains controversial, with current practice based mainly on smaller studies and varying considerably between local institutions. Timely diagnosis, multidisciplinary working and good supportive care, including infection prophylaxis, are clearly important in optimizing response and survival in such patients. It is hoped that in the future systematic research strategies and the identification of novel therapeutic targets may improve outcome further. The following review aims to outline some of the existing options for the treatment and management of acute and chronic GVHD.
Introduction
Despite decades of research and improvements in post-transplant immunosuppressive therapies, graft-versus-host disease (GVHD) remains a significant cause of morbidity and mortality in allogenic haematopoietic stem-cell transplant (HSCT) recipients. Classically defined by Billingham in 1966 as a syndrome in which immunocompetent donor cells recognize and attack host tissues in an immunocompromised recipient, GVHD demonstrates a heterogeneous clinical presentation primarily involving the skin, mucosa, gastrointestinal tract, liver and lungs [Billingham, 1966] . Historically, features occurring within 100 days of HSCT were classified as acute GVHD (aGVHD) and those occurring beyond 100 days as chronic GVHD (cGVHD). However, it is now recognized that clinical features of cGVHD can occur within 100 days of transplant and that features of aGVHD and cGVHD may coexist, leading to new definitions in which diagnosis focuses on the constellation of symptoms rather than their time of onset [Filipovich et al. 2005] .
Depending on a number of patient-and transplant-related variables, the incidence of aGVHD ranges from 10% to 80% with symptoms usually developing 2-3 weeks post transplant. Risk factors for aGVHD include degree of human leukocyte antigen (HLA) mismatch, older age, previous donor alloimmunization and the nature of GVHD prophylaxis. It is estimated that cGVHD affects 30-70% of allogenic HSCT recipients surviving beyond 100 days, with a median onset of 4-6 months following HSCT. Although associated with reduced relapse rate in patients transplanted for leukaemia, cGVHD remains the leading cause of late death in HSCT survivors. With increasing use of HSCT in older recipients, mismatched and unrelated donors and mobilized peripheral blood stem-cell grafts, the clinical and economic impact of GVHD looks set to further increase in future years [Lee et al. 2002; Flowers et al. 2011] .
Management of GVHD is challenging. Immunosuppression with corticosteroids forms the basis of first-line therapy in both acute and chronic GVHD, producing sustained responses in less than 50% of patients with aGVHD and 40-50% of patients with cGVHD depending on initial disease severity. Despite ongoing research, there are few randomized controlled trials focusing on management of steroid-refractory GVHD. Evaluation of therapeutic options is complicated by the heterogeneous nature of the patient group (variable organ involvement, age, conditioning regimens, GVHD prophylaxis and type of HSCT), lack of a clear definition of corticosteroid-refractory disease and inconsistent treatment end points. As a consequence, there remains no clear consensus as to the best second-and third-line options in GVHD management and local treatment regimens often depend largely on financial considerations, availability of therapies, and the preferences and experience of treating physicians.
Pathophysiology
As yet, the pathophysiology underlying aGVHD and cGVHD remains incompletely understood. One commonly quoted model suggests three distinct stages in the development of aGVHD: a conditioning regimen which damages host tissues, including intestinal mucosa and liver; activation of donor T cells against host antigens and subsequent clonal T-cell expansion; and release of inflammatory cytokines such as interleukin 1 (IL-1) and tumour necrosis factor α (TNFα), leading to further host tissue damage [Ferrara et al. 1999 ]. Several mechanisms have been implicated in cGVHD pathogenesis, including persistence of donor-derived alloreactive T cells, autoreactive T cells, B cells producing antibodies against the host, and mechanisms of chronic inflammation leading to end organ fibrosis. The existence of such complex parallel networks remains subject to much ongoing research, not least because they form the basis for many new and existing therapeutic targets (reviewed by Ferrara and colleagues) [Ferrara et al. 2009 ].
Management of acute graft-versus-host disease
Overview Acute GVHD classically affects the skin, liver and gastrointestinal tract. Using criteria first published by Glucksberg and colleagues in 1974 , it is graded based on degree of organ involvement (surface area of skin rash, serum bilirubin and volume of diarrhoea) and assessment of clinical status [Glucksberg et al. 1974] . While comparison of published data is limited to some extent by variation in diagnosis and grading between physicians, it is recognized that the overall grade of aGVHD has a major impact on survival post HSCT, with transplant-related mortality (TRM) ranging from 28% in grade 0 aGVHD to 92% in grade IV aGVHD in one large-scale study [Gratwohl et al. 1995] .
Although beyond the scope of this review, much emphasis in current transplant management is based on preventing development of aGVHD. Current prophylactic regimens aim to either suppress donor T-cell function with immunomodulatory agents [e.g. ciclosporin, methotrexate, tacrolimus, mycophenolate mofetil (MMF)] or deplete donor T cells before or after stem-cell infusion using monoclonal (e.g. alemtuzumab, anti-CD52) or polyclonal antibodies [antithymocyte globulin (ATG)].
First-line management of acute graft-versushost disease
Grade I aGVHD may respond to topical steroid therapy alone. Calcineurin inhibitor levels should be optimized to ensure therapeutic dosing. In cases which do not resolve with topical management systemic treatment may be required.
Systemic corticosteroids remain the mainstay of first-line treatment in grade II-IV aGVHD. A number of studies have looked at response of patients with aGVHD to steroid therapy, although variation in dose, regimen and length of therapy means that there remains no clear consensus as to optimal use. In 1990, Martin and colleagues retrospectively analyzed the results of treatment in 740 patients with grade II-IV aGVHD. Of these, primary treatment was with corticosteroids in 531 patients. Overall complete or partial responses were reported in 44%, with improvement rates in skin disease, evaluable liver disease and evaluable gut disease of 43%, 35% and 50% respectively [Martin et al. 1990 ]. Broadly comparable results were obtained by Weisdorf and colleagues and MacMillan and colleagues in retrospective studies of 197 patients and 443 patients [Weisdorf et al. 1990; MacMillan et al. 2002b ]. Significantly, response to primary therapy has been shown to correlate well with post-transplant survival [Saliba et al. 2012] .
In most centres, the starting dose of prednisolone or methylprednisolone is 1-2 mg/kg/day depending on GVHD severity. Figure 1 outlines the current initial treatment strategy at our centre. No significant difference in outcome was identified in patients with grade I/II aGVHD treated with 1 or 2 mg/kg/day of corticosteroid in one retrospective study. The small number of patients with grade III/IV aGVHD at diagnosis limited conclusions in this group [Mielcarek et al. 2009 ]. Equally, a prospective randomized trial comparing 2 mg/kg/day of methylprednisolone with 10 mg/kg/day over a 5-day period with subsequent tapering doses found no significant difference in response of aGVHD, evolution to more severe disease, 3-year TRM or 3-year survival. Logically, patients who had responded to 2 mg/kg/day of steroid therapy by day 5 showed a lower TRM than nonresponders [Van Lint et al. 1998 .
Steroids have many well documented side effects, including immunosuppression, hyperglycaemia and osteopenia, meaning that a balance must be drawn between benefit and risk of prolonged courses. There remains no consensus as to the best way of tapering steroids in responding patients. One prospective trial randomized 30 patients with aGVHD who had responded to initial steroid treatment to short (86-day) versus long Figure 1. First six days of systemic therapy for acute graft-versus-host disease grade I-IV as used at the Hammersmith Hospital, London. Please note this represents our local protocol and is not a generalized guideline. ATG, antithymocyte globulin; bd, twice daily; GVHD, graft-versus-host disease; i.v., intravenous; MMF, mycophenolate mofetil; MP, methylprednisolone; MSC, mesenchymal stem cell; od, once daily.
(147-day) taper of steroid dose. Patients in the short taper group achieved resolution of aGVHD after a median of 42 days compared with 30 days in the longer taper group. No difference was reported in incidence of steroid-related side effects, cGVHD or 6-month survival [Hings et al. 1993] . Practically, when steroid taper leads to worsening of symptoms, simply increasing the steroid dose and reducing again gradually may prove an effective solution. As fungal and viral infections are frequent complications of prolonged treatment, anti-infective prophylaxis is recommended.
In an effort to improve disease response, additional first-line therapies have been studied. In a four-arm phase II trial, 180 patients with aGVHD were randomized to receive 2 mg/kg/ day of methylprednisolone plus either etanercept, MMF, denileukin or pentostatin as initial therapy. Complete response (CR) rates at day 28 were 26%, 60%, 53% and 38% respectively with 9-month overall survival of 47%, 64%, 49% and 47% [Alousi et al. 2009 ]. Based on these findings, a phase III trial comparing steroid therapy plus MMF with steroid therapy alone was initiated (BMT CTN Study 0802). Preliminary results suggest no benefit of the addition of MMF to standard first-line therapy [Bolanos-Meade et al. 2013 ].
Second-line management of acute graftversus-host disease
Although the definition of steroid-refractory aGVHD remains subject to ongoing debate, it is generally acknowledged that if aGVHD worsens in any organ over 3 days of treatment or there is no response to steroid therapy in 5-14 days, secondary therapy should be considered [Dignan et al. 2012a] . Numerous therapeutic agents have been studied in this context (Table 1) . However, as yet, none have demonstrated convincing longterm benefit. Therefore the outcome of refractory aGVHD is poor with a high rate of morbidity and mortality figures approaching 80% [Van Lint et al. 2006; MacMillan et al. 2002a] .
Antithymocyte globulin. A number of retrospective studies have suggested the benefit of ATG in steroid-refractory aGVHD, particularly when used early in the disease and in the context of skin involvement [MacMillan et al. 2002a ]. However, evidence that ATG improves survival in this context is lacking. In one prospective study, patients (n = 61) not responding to 5 days of 2 mg/kg/day methylprednisolone were randomized to receive 10 days of 5 mg/kg/day methylprednisolone, either alone or in combination with rabbit ATG. No significant difference was reported between the groups in terms of survival, TRM or response rate [Van Lint et al. 2006 ]. Alemtuzumab (Campath) . Similarly, small studies using the humanized monoclonal anti-CD52 antibody alemtuzumab in steroid-refractory disease have failed to show convincing long-term benefit. In one prospective study, 18 patients with steroid-refractory aGVHD received subcutaneous alemtuzumab for 5 days. At day 28, 15 patients had responded to treatment. Ten of these responders were still alive at 11 months. Fourteen patients developed infections, including cytomegalovirus reactivation in 11 patients . In a subsequent phase II trial of 10 adult patients with grade III/ IV aGVHD, five responded to treatment but all 10 died within a median period of 40 days [Martinez et al. 2009 ].
Interleukin-2 receptor antagonists. Several monoclonal IL-2 receptor antibodies, thought to act by targeting activated T cells, have been trialled in the treatment of steroid-refractory aGVHD. Although of limited availability in Europe, a number of studies have suggested a potential role for daclizumab, with a favourable toxicity profile [Przepiorka et al. 2000 ]. However, a multicentre randomized control trial comparing use of methlyprednisolone 2 mg/kg/day with or without daclizumab for the initial treatment of aGVHD demonstrated a significantly worse 100-day survival in the daclizumab group (77% versus 94%, p = 0.02) at interim analysis which was sufficient to halt the trial. This was secondary to both relapse and GVHD-related mortality [Lee et al. 2004] . Several smaller, largely retrospective studies have demonstrated clinical response in patients with steroid-refractory aGVHD treated with other IL-2 receptor antagonists: inolimomab [Pinana et al. 2006 ], denileukin [Ho et al. 2004] , basiliximab [Wang et al. 2011 ]. However, a recent retrospective study of 92 patients with corticosteroid-refractory aGVHD treated with inolimomab reported an overall response rate of 42% on day +30, but an overall survival of just 33% at 2 years in the day 30 responders, suggesting that the initial benefit of treatment may not correlate well with long-term survival [Garcia-Cadenas et al. 2013] . Of interest is a potential role for IL-2 in the management of cGVHD (see below).
Antitumour necrosis factor antibodies. The inflammatory cytokine TNFα has been implicated in the pathophysiology of GVHD, hypothesized to activate antigen-presenting cells (APCs), recruit effector cells and induce cellular apoptosis. Trials involving the anti-TNFα monoclonal antibody infliximab have produced mixed results in patients with steroid-refractory aGVHD. Retrospective studies have suggested some benefit of infliximab, particularly in patients with primarily gut involvement, albeit associated with an increased risk of infection [Couriel et al. 2004 ]. More recent reports are less positive. When Couriel and colleagues randomized 63 patients with refractory aGVHD to receive either steroid therapy alone or steroid plus infliximab, GVHDrelated mortality, non-relapse mortality and overall survival were not significantly different between the groups [Couriel et al. 2009 ]. Etanercept, a recombinant human soluble TNF-α receptor fusion protein which competes for TNFα binding and renders it inactive, has also shown some promise. In 13 patients with steroidrefractory aGVHD, six responded to etanercept therapy, with the best response seen in those with gastrointestinal disease [Busca et al. 2007] .
Combination therapies may also be efficacious. Of 22 children with steroid-resistant aGVHD treated with a combination of daclizumab and infliximab, 19 responded and 15 were still alive at a median of 31 months. Only two of the deaths were attributed to infection [Rao et al. 2009 ].
Extracorporeal photophoresis. Experience with extracorporeal photophoresis (ECP) in aGVHD is less than with chronic forms of the disease. The treatment consists of a combination of leucapheresis and photodynamic therapy, in which patient blood is exposed to 8-methoxypsoralen followed by ultraviolet A irradiation, before being reinfused. This is thought to induce leukocyte apoptosis, phagocytosis of apoptotic cells by APCs and a switch in APC activity in favour of immunomodulation. ECP has a good safety profile, with no significant increase in infection, secondary malignancy or disease relapse reported [Couriel et al. 2006 ]. Retrospective studies have suggested ECP therapy is of benefit in aGVHD [Perfetti et al. 2008] . A prospective phase II study included 59 patients with steroid-dependent or steroid-refractory GVHD treated with weekly ECP until maximum disease response. CR was achieved in 82% of patients with cutaneous, 61% with liver and 61% with gut involvement. TRM at 4 years was 14% in patients who achieved CR and 73% in those who did not [Greinix et al. 2006 ].
Mycophenolate mofetil. MMF, which inhibits purine synthesis in lymphocytes and has the advantage of oral or intravenous administration, has been studied in a number of small retrospective and prospective trials, with a possible role as a steroid-sparing agent in refractory disease. In 2009, Furlong and colleagues demonstrated clinical response in 9 of 19 patients with steroidresistant aGVHD, although they found only a 16% 1-year survival [Furlong et al. 2009 ].
Sirolimus. The mammalian target of rapamycin inhibitor sirolimus has also been used in the treatment of steroid-refractory aGVHD, although concerns have been raised over its side effects, which include hyperlipidaemia, myelosuppression, seizures and thrombotic microangiopathy (TAM). In one pilot study of 21 patients with steroid-refractory grade III/IV aGVHD treated with sirolimus, the reported response rate was 57% (CR 24%) but the drug was discontinued in 10 patients due to toxicity or disease progression [Benito et al. 2001 ]. Broadly similar results were observed in retrospective studies [Hoda et al. 2010] .
Pentostatin. In a phase I dose escalation study involving 23 patients with steroid-refractory aGVHD treated with the nucleotide analogue pentostatin, Bolanos-Meade and colleagues demonstrated CR in 14 patients but a median survival of only 85 days. Notably, several of these patients had already received additional aGVHD therapies [Bolanos-Meade et al. 2005] . A small retrospective series of 12 patients reported an overall response to pentostatin of 50% .
Mesenchymal stem cells. Since the first treatment of steroid-resistant aGVHD in a 9-year-old boy with haploidentical third-party derived mesenchymal stem cells (MSCs) [Le Blanc et al. 2004 ], a number of phase I-II studies have suggested that MSC infusion is safe and may be effective in aGVHD treatment. One nonrandomized multicentre phase II study of 55 patients with refractory aGVHD treated with MSCs from either HLA-identical stem-cell donors, haploidentical family donors or unrelated HLA-mismatched donors demonstrated CR in 30 patients and improvement of GVHD in nine patients [Le Blanc et al. 2008] . Research in this area is ongoing, and growing evidence that MSCs may play a key role in modulating inflammation [Dazzi et al. 2012 ] perhaps suggests a more central role in the future management of GVHD.
Management of chronic graft-versus-host disease
Overview Chronic GVHD commonly affects the skin, eyes, mouth, liver, gastrointestinal tract, lungs and genitalia and is classified as mild, moderate or severe according to National Institutes of Health consensus criteria, reflecting the number of organs involved, severity of GVHD and whether or not there is pulmonary involvement [Filipovich et al. 2005] . Several risk factors for cGVHD have been identified, including degree of HLA mismatch, age of recipient and prior aGVHD. Considerations regarding the impact of GVHD on survival following HSCT must be balanced with the fact that GVHD is associated with lower rates of relapse in leukaemia (the graft versus leukaemia effect). Data are conflicting as to how well this correlates with GVHD severity [Horowitz et al. 1990; Lee et al. 2002; Gratwohl et al. 2002] .
Given the paucity of robust data, particularly regarding management of steroid-refractory disease, it is recommended that patients are enrolled in clinical trials whenever possible.
First-line management of chronic graft-versushost disease
While patients with mild cGVHD may respond well to topical therapies, systemic treatment is usually indicated in moderate to severe cGVHD [Filipovich et al. 2005] . Corticosteroids remain the mainstay of first-line treatment, either alone or in combination with other agents. The standard starting dose is 1 mg/kg/day and there are very few data supporting use of higher or lower doses in clinical practice. Duration of immunosuppressive therapy is determined largely by clinical response, but is often prolonged, with median duration estimated at 2-3 years [Stewart et al. 2004 ]. Rate of steroid taper varies considerably with no randomized trials comparing protocols.
Early studies suggested benefit of the calcineurin inhibitor ciclosporin in first-line treatment of cGVHD and more recently Koc and colleagues randomized 287 patients to receive either cyclosporine plus 1 mg/kg prednisolone or prednisolone alone as primary treatment for cGVHD. No significant difference in transplant-related mortality (17% versus 13%), progression to secondary therapy (11% versus 17%) or duration of immunosuppression was noted between the two arms of the trial. The incidence of avascular necrosis was higher in the prednisolone-only arm (22% versus 13%), however, suggesting that while combination therapy may not result in a survival advantage, it could help ameliorate steroid-related side effects [Koc et al. 2002] . In 2009, Martin and colleagues initiated a double-blind randomized multicentre trial investigating the effect of adding MMF to first-line management of cGVHD on disease outcome. The study was closed early, however, following interim analysis revealing no benefit from adding MMF and a marginally higher death rate in the MMF arm ].
Second-line management of chronic graftversus-host disease
One of the many difficulties of cGVHD management and research is reproducibly defining response to treatment. Martin and colleagues suggest that failure of primary therapy is indicated by progression of cGVHD despite prednisolone at doses of 1 mg/kg/day for 2 weeks, a lack of improvement after 4-8 weeks of sustained treatment or an inability to taper steroids [Martin et al. 2006 ]. Many of these end points are subjective and some manifestations of cGVHD are irreversible despite appropriate therapy. As yet, there remains no standard treatment for steroid-refractory cGVHD.
Commonly used treatments are discussed below and summarized in Table 2 .
Extracorporeal photophoresis. ECP has been extensively evaluated in cGVHD management, with a number of studies demonstrating benefit in steroid-refractory disease, especially involving the skin, mouth or liver [Couriel et al. 2006; Scarisbrick et al. 2008] . In 2008, Flowers and colleagues performed a prospective multicentre trial of 95 steroid-refractory or steroid-dependent patients with cutaneous cGVHD comparing ECP plus standard treatment to standard treatment alone [Flowers et al. 2008 ]. The primary end point was defined as a change in total skin score (TSS) measured by a blinded physician at 12 weeks. As with many trials in cGVHD management, conclusions were limited by the large variation in immunosuppressive regimens used. Although statistically significant results were not obtained for the primary end point, the proportion of patients reaching at least a 50% reduction in steroid dose and 25% decrease from baseline in TSS was greater in the ECP arm, suggesting that ECP may have a role as a steroid-sparing agent. The response to ECP of gut and lung cGVHD has been reported but is less consistent. Although associated with relatively few significant side effects, ECP does require effective venous access, which can be challenging. Mycophenolate mofetil. Although not infrequently used in the management of steroidrefractory cGVHD, published data surrounding the efficacy of MMF in this context is limited. Lopez and colleagues reported the use of MMF as second-line therapy in 24 patients, with five demonstrating CR and 13 partial response [Lopez et al. 2005 ]. An earlier retrospective study reported an overall response rate of 72% in 18 patients treated with MMF for refractory cGVHD [Busca et al. 2003 ]. Common side effects include infections, cytopenias and gastrointestinal toxicity, with the latter potentially mimicking the effects of gut GVHD both clinically and histologically, and thus complicating diagnosis and assessment of response.
Methotrexate. Low-dose methotrexate is well established as an anti-inflammatory agent in the management of autoimmune disease. It has been shown to be well tolerated and potentially efficacious in a number of smaller studies of patients with steroid-refractory cGVHD [Huang et al. 2005; Inagaki et al. 2008 ]. More recently, Wang and colleagues evaluated the role of methotrexate as a first-line therapy in 86 patients with cGVHD in combination with other immunosuppressive agents. The overall response rate was 86%, with most marked benefit in cutaneous disease [Wang et al. 2009 ].
Rituximab. Based on the hypothesis that B cells play a role in cGVHD pathogenesis, the anti-CD20 monoclonal antibody rituximab has been trialled in cGVHD management and shown some benefit. Cutler and colleagues reported a 70% response rate in 21 patients with steroid-refractory cGVHD treated with 38 cycles of rituximab [Cutler et al. 2006 ]. Notably, responses were limited to patients with skin or musculoskeletal manifestations and many responses were partial. Similarly, in a meta-analysis of seven studies involving 111 patients, the pooled response rate to rituximab therapy was 66%, although the varying criteria for reporting organ response and dosage reduction of steroids limited interpretation [Kharfan-Dabaja et al. 2009 ].
Sirolimus. Sirolimus has been evaluated in the second-line treatment of cGVHD, mainly in combination with other immunosuppressive agents. Johnston and colleagues showed an initial clinical response to sirolimus therapy in 15 of 16 patients with cGVHD, although documented adverse events included renal impairment, TAM and disease relapse, leading to discontinuation of treatment in six patients [Johnston et al. 2005] . Similarly, Couriel and colleagues reported an overall response rate of 63% in 35 patients with steroid-resistant cGVHD treated with sirolimus, tacrolimus and methylprednisolone [Couriel et al. 2005] . Notably, four patients developed TAM requiring cessation of therapy and there was a high rate of infectious complications. It is suggested that patients treated with sirolimus should be carefully monitored for renal complications and hyperlipidaemia. Interactions with other medications, especially calcineurin inhibitors and azoles, should be avoided if possible.
Pentostatin. Following its successful use in steroid-refractory aGVHD, pentostatin has also been trialled in the second-line treatment of cGVHD. One phase II study of 58 patients with refractory cGVHD who were given pentostatin every second week for a median of 12 doses reported an overall response rate of 55%, although it should be noted that most patients were heavily pretreated [Jacobsohn et al. 2007] . Similar results were seen in a number of retrospective series. Infections appear to be a frequent complication of pentostatin treatment in cGVHD.
Thalidomide. Thalidomide demonstrates diverse immunomodulatory activities, inhibiting cytokines such as IL-6 and IL-12, reducing TNFα expression, downregulating surface adhesion molecules and suppressing angiogenesis. In 1992, Vogelsang and colleagues reported complete or partial response in 14 of 44 and 12 of 44 patients with refractory cGVHD treated with thalidomide therapy and subsequent studies have produced broadly similar results [Vogelsang et al. 1992] . Thalidomide is, however, associated with numerous side effects, including neurotoxicity, sedation, constipation and thrombosis. Indeed, in a randomized, placebo-controlled trial of thalidomide as first-line therapy for cGVHD, treatment with the study drug was discontinued before resolution of cGVHD in 23 of the 25 patients taking thalidomide due to an unacceptable side-effect profile [Koc et al. 2000 ].
Imatinib. In recent years, an adjuvant role for the tyrosine kinase inhibitor (TKI) imatinib in the treatment of refractory cGVHD has emerged, thought to act by inhibiting the TGFβ and platelet-derived growth factor pathways and thus reducing fibrosis. In 2009, Magro and colleagues evaluated the use of imatinib for the treatment of refractory sclerotic cGVHD in 14 patients, demonstrating a 50% response rate and reduction in corticosteroid requirement [Magro et al. 2009 ]. Interestingly, in nine patients with lung GVHD, some benefit was suggested from imatinib therapy in mild-moderate disease, but only minor improvement was noted in more severe conditions, raising the question of whether established fibrosis can be reversed [Stadler et al. 2009 ]. Side effects of imatinib include myelosuppression, shortness of breath and fluid retention.
Supportive care
Despite improvements in diagnosis and supportive care, cGVHD remains the major cause of late nonrelapse morbidity and mortality following HSCT, with deaths primarily resulting from infections related to the immunosuppressive effect of cGVHD or its treatments [Socie et al. 1999] . Appropriate antimicrobial prophylaxis is of great importance, with adequate protection against Pneumocystis jiroveci, Streptococcus pneumoniae, viral and fungal infections according to local protocol (see Dignan and colleagues for a review) [Dignan et al. 2012b ]. Patients should be educated as to the risk of sepsis and advised to seek medical attention at an early stage.
The heterogenous nature of disease manifestations in cGVHD means that a multidisciplinary approach to patient management is highly beneficial, with appropriate subspecialty opinion, early dietary review and a consideration of the impact of therapy on growth and development in younger patients. Long-term systemic steroid use is associated with a wide range of adverse effects, including infection, hyperglycaemia, hypertension, osteoporosis and dyspepsia. When steroid therapy cannot be avoided, patients should be monitored closely, with prescription of gastric protection, consideration of bone protection, and regular monitoring of blood glucose and blood pressure. It is also recognized that patient quality of life after HSCT may be compromised by cGVHD [Pidala et al. 2011 ] and this should be acknowledged and formally assessed.
Novel therapies and further directions
Clearly there remains an urgent clinical need to optimize current therapies and to develop novel treatments for GVHD. Each of the therapeutic agents currently in use is associated with a significant risk of failure. Rather than developing universal treatment algorithms, it may be that we need to consider individualized therapy based on better characterization of GVHD subtypes, stages and the pathophysiological mechanisms involved.
Promising new directions include the inhibition of histone acetylation by vorinostat leading to a reduction in proinflammatory cytokine production, modulation of APC function and enhancement of regulatory T-cell number and activity [Choi et al. 2012] . Similarly, administration of daily low-dose IL-2 to patients with cGVHD was associated with sustained expansion of these cells and amelioration of GVHD [Koreth et al. 2011 ].
In a clinical study of haploidentical transplantation, investigators in Perugia demonstrated that adoptive transfer of regulatory T cells prevented GVHD in the absence of any post-transplantation immunosuppression [Di Ianni et al. 2011] . Equally, blockage of the chemokine receptor CCR5 by maraviroc inhibited lymphocyte chemotaxis and prevented development of GVHD in an early clinical study [Reshef et al. 2012] . Bortezomib has been shown to induce apoptosis in activated T cells via caspase activation and cleavage of the antiapoptotic bcl-2 protein and has recently entered early clinical trials [Koreth et al. 2012] .
Targeting inflamasome and danger signalling pathways may have a potential role in influencing the early stages of GVHD development (reviewed by Wolf and colleagues) [Wolf et al. 2012 ].
Conclusion
The treatment and management of GVHD is continually changing as new therapies are proposed, trialled and validated. Although there is good evidence for the first-line management of both aGVHD and cGVHD with steroids and steroid-sparing agents, the most appropriate second-line treatment in both conditions remains unclear. Clearly there is a need for large systematic randomized studies to assess the efficacy and side effects of second-line therapies in GVHD management. By standardizing assessment tools for disease severity, outcome and quality of life, it is hoped that some of the variability seen in previous studies may be overcome. These trials should be conducted in conjunction with detailed laboratory analysis in an attempt to identify potential biomarkers predicting therapeutic responses with individual drugs as both aGVHD and cGVHD are biologically and clinically heterogeneous. Exciting prospects are on the horizon, in particular a role for MSCs in aGVHD management, and TKIs for the treatment of cGVHD. However, these remain to be validated in clinical practice. As our understanding of the pathophysiology underlying GVHD increases it seems likely that further therapeutic targets will continue to be identified.
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